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/" ABSTRACT K
/ INTRODUCTION N
The aim of the study was to evaluate vitamin D status and its association with blood glucose parameters in Indian
diabetic patients.

MATERIALS AND METHODS

This cross-sectional, non-interventional, single visit program was conducted across 236 sites in India where 4434
(males: 2580; females: 1854) diabetic patients of 18-65 years of age who had undergone testing for vitamin D and
blood glucose in the last 3 months were recruited in the study. Anthropometric and metabolic parameters, and serum
25-hydroxyvitamin D (25[OH] D) was measured. The patient was said to have ‘non-optimal level of vitamin D’ if
had serum 25(0OH) D <30 ng/mL (‘vitamin D deficient’ <20 ng/mL, ‘vitamin D insufficient’ 20-29 ng/mL) and was
said to have ‘optimal level of vitamin D’ if the level was >30 ng/mL. Descriptive statistics was used in the study.
RESULTS

99.0% patients had type 2 diabetes and 1.0% patients had type 1 diabetes mellitus. 81.7% of the patients had ‘not
optimal’ level of 25(OH)D where 41.5% patients had 25(OH)D deficiency and 40.2% patients had 25(OH)D
insufficiency and 18.3% of the patients had ‘optimal’ level of 25(OH)D. Mean level of 25(OH)D was 22.1 + 7.9
ng/mL. Higher proportion of patients with ‘not optimal’ level of 25(OH)D had a higher range of fasting plasma
glucose (FPG; 135-298 mg/dL), glycated hemoglobin (HbAlc; 8.3-13.8%), and postprandial glucose (PPG; 217-299
mg/dL) as compared to patients with ‘optimal’ level. In addition, a negative correlation was found between
25(0OH)D levels and calcium and a positive correlation with height and body mass index.

CONCLUSION

Despite an ample amount of sunlight in the country, 81.7% of Indian diabetic patients had deficient or insufficient
levels of vitamin D (25[OH]D <30 ng/mL). The level of vitamin D had a negative correlation with FPG, PPG,
HbAl1c and serum calcium; suggesting that vitamin D supplementation may improve glycaemic control in diabetic
\  patients. .
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INTRODUCTION

Diabetes mellitus (DM) is the most common
metabolic disorder characterized by hyperglycaemia
and insulin resistance [1]. According to International
Diabetes Federation, the prevalence of diabetes in
India is likely to increase from 61.3 million (in 2011)
to 101.2 million (in 2030) with a global estimate of
552 million by the year 2030 [2]. Several factors,
including nutritional conditions, genetics, lifestyle,
and environmental conditions play an important role
in increasing the risk of DM [3]. Vitamin D, a
nutritional factor, not only regulates serum calcium
and bone health but also plays an important role in
glycaemic control by improving B-cell function and
insulin sensitivity related to expression of insulin
receptor, and by inhibiting B-cell apoptosis [4-6]. The
economical and a major source of vitamin D is
sunlight exposure for about 10 to 15 minutes thrice a
week where 7-dehydrocholesterol in skin s
converted to previtamin D3 which is further
metabolized in the liver to 25-hydroxyvitamin D
(25[OH]D), the major circulating metabolite and a
marker of vitamin D status. In the kidney, 25(OH)D
iS metabolized to its active form 1,25-
dihydroxyvitamin D (25[OH]2D) by 1-alpha-
hydroxylase enzyme [7]. The other natural sources of
vitamin D are fish, oils, mushrooms, beef liver,
cheese, egg yolk; but all of these natural sources
provide trace amount of vitamin D which is
inadequate for normal body requirements [8]. Hence,
vitamin D fortified foods have been commercialized
to meet the level of vitamin D in our daily diet.
Though there is ample of sunlight in Asian countries
but vitamin D deficiency still prevails in Indian
population; the reason may be restricted human
exposure to sunlight, dark skin pigmentation, obesity,
vegetarian dietary habits, low intake of vitamin D
fortified food, and lifestyle factors like indoor
working or working in a close environment with
minimum sun exposure. More than 70% of the
Indians are reported to have vitamin D deficiency [9-
13]. In 2012, Pittas et al. showed an inverse
relationship between plasma 25(0OH)D and risk of
diabetes in high risk patients [14]. Various Indian
studies have reported vitamin D deficiency in Indian
diabetic patients and significant lower levels of
25(0OH)D in type 2 diabetes mellitus (T2DM) patients
as compared to the control group [15-17]. In 2010,
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Borkar et al. reported significantly lower levels of
25(0OH)D in diabetic children aged 6-12 years as
compared to healthy children (20.02 = 10.63 ng/mL
versus 26.16 + 12.28 ng/mL; P = 0.009) [15]. In
another study published in 2011, 57.6% of T2DM
patients had severe vitamin D deficiency as compared
to 33.3% of non-diabetic patients (P = 0.001) [16]. In
a prospective case control study in north India, 91.1%
of diabetic patients opposed to 58.5% of healthy
controls were reported to have vitamin D deficiency.
In addition, diabetic patients had significantly lower
levels of 25(OH)D than the control group (7.88 +
1.20 ng/mL versus 16.64 £+ 7.83 ng/mL) [17]. There
is limited published literature on association of
25(OH)D levels and glycaemic parameters in diabetic
patients, hence the present observational program
was planned over a large scale to evaluate the
correlation between 25(OH)D levels and glycaemic
parameters in Indian diabetic patients.

MATERIALS AND METHODS

The present cross-sectional, non-interventional, and a
single visit program was conducted across 236 sites
(Uttar Pradesh, Gujrat, Punjab, Maharashtra,
Karnataka, Madhya Pradesh, Kerala, Delhi, Haryana,

Rajasthan, Jammu and Kashmir, West Bengal,
Jharkhand, Andhra Pradesh, Tamil Nadu, Bihar,
Uttarakhand, Assam, Himachal Pradesh and

Chhatisgarh) in India over a period of 1 year
(January-December 2014). In this program, 4434
diabetic patients of 18-65 years of age who visited
their physician for a routine check-up at the
outpatient department, had undergone testing for
vitamin D and blood glucose in the last 3 months, and
were able to communicate meaningfully with the
study physician were enrolled. Those patients who
were already on vitamin D supplements, had a history
of moderate to severe renal or hepatic disease, were
debilitated, and pregnant or lactating females were
excluded from the study. An institutional ethics
committee approval and consent on patient
authorization form was taken from all patients prior
to their enrolment in the study. Vitamin D status was
evaluated by measuring serum 25(OH)D. The patient
was said to have vitamin D deficiency/‘not optimal’
vitamin D levels if he/she had serum 25(0OH)D <30
ng/mL and was said to have ‘optimal’ vitamin D if
the level was >30 ng/mL. Anthropometric parameters
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such as weight, height and body mass index (BMI)
were taken. Metabolic parameters, including fasting
plasma glucose (FPG), postprandial glucose (PPG)
levels, glycated hemoglobin (HbAlc), biochemical
parameters (alkaline phosphatase, calcium and
phosphorous), blood pressure were measured in this
program. In addition, their smoking and alcohol
habits, average duration of daily sun exposure,
medical history, treatment history of last 3 months,
comorbid conditions were also recorded in Abbott
defined web based case report form. The study
endpoints were to evaluate the 1) proportion of
vitamin D deficient patients, 2) association between
vitamin D deficiency and glycaemic parameters and
3) correlation  between vitamin D  with
anthropometric and metabolic parameters.

DATA ANALYSIS

Descriptive statistics (generated using Statistical
Analysis System® version 9.3 software) was used in
the study where continuous variables were presented
on mean = standard deviation (range) and the
categorical variables in number (percentage).
Pearson’s correlation coefficient was used to find the
correlation between vitamin D and anthropometric
and metabolic parameters.

RESULTS

A total of 4434 diabetic patients (males: 2580
[58.2%]; females: 1854 [41.8%]) with mean age of
51.4 + 8.4 years were enrolled in the study. Of these,
4388 (99.0%) patients had type 2 diabetes (T2DM)
and 46 (1.0%) patients had type 1 diabetes mellitus.
The mean duration of diabetes was 5.3 + 4.4 years.
The data for anti-diabetic therapy was available for
85.3% (3782/4434) of the patients; the most common
anti-diabetic  therapy was Metformin (57.5%,
2175/3782) followed by Glimepiride (27.4%,
1038/3782). More than 50% of the enrolled patients
had whitish to fair complexion (65.9%, 2924/4434),
indoor work profile (55.4%, 2455/4434 patients), 15

to >30 min average daily sun exposure (62.7%,
2781/4434) and 54.3% (2409/4434) patients had sun
exposure during morning hours (7 AM-11 AM).
Higher proportion of patients were non-smokers
(76.6%, 3397/4434), non-alcoholics  (78.7%,
3490/4434) and had vegetarian diet (38.1%,
1698/4434). Hypertension was the only co-morbid
condition reported in >10% of the patients (25.15%,
1115/4434); the mean duration of hypertension was
5.4 + 4.1 years. The data for concomitant medications
was available for 1140 of 4434 (25.7%) patients.
More than 20% of the patients were on concomitant
medications that acted on renin angiotensin system
(53.1%, 605/1140) (>10% of the patients were on
telmisartan [62.5%, 378/605], olmesartan
[17.5%,106/605] and losartan [11.9%, 72/605]) and
lipid modifying agents (20.1%, 229/1140) (>10% of
the patients were on atorvastatin [67.7%, 155/229]
and rosuvastatin [27.5%, 63/229]). Other baseline
characteristics are presented in Table 1. Overall,
25(0OH) D average level was 22.1 + 7.9 ng/mL.
81.7% (3624/4434) of the patients had ‘not optimal’
level of vitamin D (<30 ng/mL) where 1842 (41.5%)
patients had ‘deficient’ level of vitamin D (<20
ng/mL) and 1782 (40.2%) patients had ‘insufficient’
level of vitamin D (20-29 ng/mL). The remaining 810
of 4434 (18.3%) patients had ‘optimal’ level of
vitamin D (> 30 ng/mL). The higher proportion of
patients in the ‘not optimal’ vitamin D category had
FPG, HbAlc and PPG in the higher range (FPG: 135-
298 mg/dL; HbAlc: 8.3-13.8% and PPG: 217-299
mg/dL) as compared to patients in the ‘optimal’
vitamin D category (Figure 1). Overall, vitamin D
levels had a negative correlation (inverse
relationship) with FPG, PPG, HbAlc and serum
calcium and a positive correlation (direct
relationship) with height and BMI (Pearson’s
correlation coefficient; Table 2). Data for Vitamin D
therapy was available for only 2170 of 4434 (49%)
patients; 1562 of 2170 (72.0%) patients were on
cholecalciferol.

Table 1: Baseline characteristics

Category/Statistics

Total Number of Patients
(N =4434)

Anthropometric
Age (years), mean+SD
Height (cm), mean+SD

51.4 + 8.44 years
163.6 £ 8.53
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Weight (kg), mean+SD

BMI (kg/m?), mean+SD

Exposure to sunlight: indoor; outdoor, n (%)

Metabolic parameters

FPG levels (mg/dL), mean+SD

PPG levels (mg/dL), mean+SD

HbA1c (%), mean+SD

Biochemical parameters

Alkaline phosphatase (U/L), mean+SD

Calcium (mg/dL), mean+SD

Phosphorus (mg/dL), mean+SD

Life style of patients

If smoking is yes: regular, occasional, missing n (%), duration of smoking
(years)

If alcohol intake is yes: regular, occasional, missing n (%), duration of
alcohol intake (years)

Vitals

Blood pressure (mmHg), mean+SD: systolic, diastolic
Comorbid conditions, n(%b6); duration (years), meanSD
Hypertension

Neuropathy

Nephropathy

Retinopathy

Hypothyroid

Hyperthyroid

Cardiovascular disease

Epilepsy

Osteoporesis

69.2 +10.25
25.9 +3.66
2455 (55.4); 1330 (30.0)

135.1 + 31.58
191.1 +43.79
7.67 +1.081

135.4 £ 60.9
8.6+13
3.7+0.7

356 (55.0); 243 (37.6); 48 (7.4);
11.4+7.14
117 (21.1); 407 (73.5); 30 (5.4);
11.0+6.81

135.2 + 20.80; 84.5 £9.12

1115 (25.2); 5.4 £ 4.1
202 (4.6); 3.3+ 2.6
57 (1.3);3.1£2.2

17 (0.4); 2.2+ 1.6
188 (4.2):6.9+ 5.4
37(0.83); 4.0 £ 7.4
262 (5.9); 3.0 £ 2.3
3(0.1); 10.0 £0

51 (1.1); 2.4 1.9

Table 2: Correlation between vitamin D with anthropometric, metabolic and biochemical parameters

Parameters Vitamin D classification
Deficiency  Insufficiency (20-29 ng/mL) Not optimal Optimal
(<20ng/mL) (<30 ng/mL) (=30 ng/mL)
Anthropometric
Height (cm) -0.04049 0.03709 0.00811 0.05866
Weight (kg) -0.03812 0.02237 -0.04803 0.07780
BMI (kg/m?) 0.02299 0.03341 0.00158 0.01273
Metabolic
FPG (mg/dL) -0.11335 -0.08719 -0.18075 -0.10915
PPG(mg/dL) -0.06633 -0.02001 -0.14515 -0.13314
HBALc (%) -0.18944 0.03985 -0.19997 -0.00620
Biochemical parameters
Alkaline phosphatase (U/L) -0.07709 -0.21785 -0.14291 0.31865
Calcium (mg/dL) -0.04118 0.05200 -0.01757 -0.39283
Phosphorus (mg/dL) 0.00356 -0.13679 -0.06634 0.29247
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Note: A negative correlation is a relationship
between two variables such that as the value of one
variable increases, the other decreases and vice

versa. A positive correlation exists when as one
variable decreases, the other variable also decreases
and vice versa.
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PPG levels (mg/dL)

Figure 1: Association of vitamin D with blood glucose parameters

DISCUSSION

India is a vast tropical country with geographical
latitude from 8.4° N to 37.6° N with majority of
people experiencing ample amount of sunlight
throughout the year [9-11]. But vitamin D deficiency
(levels <30 ng/mL) still prevails in more than 70% of
population in all age groups which may be due to
their indoor work profile, sedentary lifestyle, dark
skin pigmentation, vegetarian diet and obesity [9, 16-
23]. Earlier studies have reported vitamin D
deficiency in >80% of diabetes patients with a
negative correlation with T2DM/insulin resistance
[24-27], HbAlc [28-30], and fasting glucose[31].
However, few studies did not report such an inverse
relationship between vitamin D levels and glycaemic
status.”?! |n addition, few studies have reported that
vitamin D supplementation improve glycaemic
control and insulin resistance in T2DM patients [32-
35]. In our study as well, 81.7% of the diabetic
patients had deficient or insufficient levels of vitamin
D with a negative correlation with FBG, PPG and
HbA1c levels; implying that optimal vitamin D levels
may improve glycaemic control in diabetic patients.
The reason for insufficient levels of vitamin D levels
in Indian population may be due to indoor work
profile (55.4% patients), vegetarian diet (38.1%) and
higher weight (with BMI: 25.9 + 3.66 kg/m?). The
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normal hours for conversion of 7-dehydrocholesterol
to previtamin D3 is reported to be between 11 AM to
2 PM. However, in our study, only 32% patients had
sun exposure between 11 AM to 4 PM which further
strengthened the reason for low vitamin D levels in
Indian patients. The present study had few limitations
1) subjects were not on controlled diet, lifestyle and
sun exposure; 2) lack of data on percentage of body
fat; and 3) serum 25(0OH)D was used as the only
indicator of vitamin D status. No indicator to detect
functional index of vitamin D was used.

CONCLUSION

The higher proportion (81.7%) of Indian diabetic
patients had deficient or insufficient levels of vitamin
D, despite an ample amount of sunlight. These
patients have been reported to have a higher range of
glycaemic parameters as compared to diabetic
patients with optimal levels of vitamin D. Hence,
cautious vitamin D supplementation may improve
glycaemic control in diabetic patients.
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